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Methylation is an epigenetic modification of DNA affecting gene expression without changing
the structure of nucleotides. It plays a crucial role in the embryonic and post-embryonic
development of living organisms. Methylation level is tissue and species-specific and
changes with age. The study was aimed at identifying the methylation of the CDKN2B gene
situated at locus bar in Polbar chickens on the 6th and 18th day of embryonic development
using the MSP (methylation-specific PCR) method. Methylation was not detected in the
promoter region of gene CDKN2B on the 6th and 18th day of embryonic development. As one
of the five genes responsible for melanine activity in melanocytes and highly active, it can
contribute to the production of this pigment. The present research broadens the current
knowledge of the chicken epigenome and the mechanism of autosexing in birds.
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The notion of epigenetics includes mechanisms
that affect genetic material expression without
changing the fundamental sequence of nucleotides
in a gene. These mechanisms are essential during
the entire development of an organism, primarily
in relation to ageing. The epigenome sets the pattern
for all epigenetic modifications and is responsible
for tissue- and organ-specific cell differentiation
by means of selective gene repression and expres-
sion (JONES & MARTIENSSEN 2005). The epigenome
is dynamic and, unlike the genome, it is different
between particular body tissues (EHRLICH 2003).
A crucial role in the regulation of gene expression
and repression, chromatin modelling and histone
modification is played by DNA methylation
(CHUANG & JONES 2007; P£ACHETKA et al. 2010;
GRUBER 2011).
DNA methylation is a biochemical process that
controls chromatin structure. The incorporation of
a methyl group into cytosine within CpG islands
leads to changes in gene transcription activity and
chromatin structure and conformation. The area
marked with methyl groups is transformed into
heterochromatin, and the expression of genes in
this area becomes suppressed (REIK et al. 2001;
CLEVELAND et al. 2003; OLSZEWSKA 2007).
Molecular biology methods make it possible to
analyse the methylation of both the entire genome
and particular genes. The basic differentiation is
assessed on the basis of quantitative or qualitative
5-methylocytosine assaying (GRYZIÑSKA et al. 2013).
The MSP (methylation-specific PCR) technique
is a qualitative technique based on the reaction be-
tween sodium hydrogen sulphate and nucleic acid
(HERMAN et al. 1996; COLLEMAN & RIVENBARK
2006). As a result of the reaction, cytosine or
5-methylocytosine is deaminated in single-strand
DNA, and the modified DNA is used as a matrix in
the MSP reaction (AZHIKINA & SVERDLOV, 2005).
DNA amplification is performed using two pairs
of primers containing one or more CpG loci. The
primers are designed to differentiate methylated
and non-methylated bases. The first pair of primers
detects 5-methylocytosine as cytosine. It is thus
complementary and joins the unchanged DNA
fragment. The other pair of primers is, on the other
hand, complementary to the sequence in which 5-
methylocytosine has been transformed into
thymine (GRYZIÑSKA et al. 2012). The advantages
of this method include rapid analysis, the possibil-
ity to obtain results from small DNA amounts
(5Fg), specificity and sensitivity. Methylation can
be detected even when just 0.1% of the alleles have
been methylated (SULEWSKA et al. 2007).
Research on genome methylation or gene-
specific methylation has been undertaken chiefly
in man to analyse neoplastic transformations. The
literature increasingly more often provides results
of studies concerning mammalian genome methy-
lation. On the other hand, data relating to the meth-
ylation of the avian genome are infrequent. The
use of Gallus domesticus for the present study was
not arbitrary. Gallus domesticus is a model organ-
ism referred to in biomedical and evolutionary re-
search, comparative genomics and epigenetic
studies. The publication of the entire chicken ge-
nome sequence revealed the existence of syn-
thenic regions between the human and avian
genomes which show that despite 300 million
years of divergence between mammals and birds,
numerous DNA sequences have remained conser-
vative. The genome of Gallus domesticus is the
only mapped avian genome and is used as a model
in comparative genomics for at least two reasons.
First, the genome is relatively small, 1/3 the size of
the human genome, yet harbors orthologs to most
of the genes in man (GREGORY 2002; ICGSC 2004;
MASABANDA et al. 2004; RUBIN et al. 2010).
Polbar chickens are the only autosexing chicken
breed in Poland and one of the few autosexing
poultry breeds worldwide. The breed stems from
the local Greenleg Partridge stock and the paternal
Plymouth Rock component. The new breed was
named “Polbar”, since an indigenous Polish breed
(-pol) was supplemented with the bar gene. The
dominant allele (B) inhibits melanin deposition
which causes white stripes to appear in the feathers
of adult birds. The bar gene is located on the
Z chromosome (KAUFMAN 1963; GRYZIÑSKA &
NIESPODZIEWAÑSKI 2009). Little Polbar cocks
are light grey (occasionally with a touch of regular
grey), while little hens are dark, with a black super-
cilium in the extended line from the eye (Fig. 1a).
Only during the first couple of days following
hatching is it possible to identify the sex of the
chicks on the basis of differential plumage. After-
wards, the sex-specific colour of the down feathers
of the little hens and cocks gradually fades away.
Mature birds are striped with grey and yellow legs
(Fig. 1b). (KAUFMAN 1963; GRYZIÑSKA et al.
2008a, 2008b; GRYZIÑSKA & NIESPODZIEWAÑSKI
2009).
According to available reports, the bar locus
contains five genes: micro-RNA 31 (miRNA-31),
methylthioadenosine phosphorylase (MTAP), tri-
partite motif 36 (TRIM36), protein geranylgera-
nyltransferase type I, â subunit (PGGT1B) and
(analysed in this study) gencyclin-dependent ki-
nase inhibitor 2B (CDKN2B). The bar locus genes
are associated with melanine activity in melano-
cytes (DORSHORST & ASHWELL 2009).
The CDKN2B gene encodes proteins similar to
one of the two cyclino-dependent kinase inhibitors
present in mammals that control CDK4 and CDK6
kinase activity. In human creatinocytes these pro-
teins are induced by TGF-beta cytokine which in-
hibits cellular growth in the G1 phase of the
cellular cycle. Moreover, the CDKN2A/B locus
has a key role in cell cycle regulation. It encodes
both the ARF protein, which binds the p53-
stabilizing protein MDM2, and the INK4 protein, a
cyclin-dependent kinase inhibitor. Loss-of-function
mutations in CDKN2A are responsible for familiar
forms of human melanoma (LIMA et al. 2008; HELL-
STRÖM et al. 2010).
The study was aimed at identifying CDKN2B
methylation during embryonic development in
Polbar chickens by means of the MSP
(methylation-specific PCR) technique.
Material and Methods
Animals
The study involved Polbar autosexing chickens.
At present, the only Polbar population worldwide
is kept at the Felin Laura Kauffman Didactic and
Research Station for Small Animals which be-
longs to the Department of Biological Basis of
Animal Production of the University of Life Sci-
ences in Lublin. The population includes 810 hens
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Fig. 1. Polbar chickens: chicks (a), mature birds (b).
and 80 cocks (GRYZIÑSKA & NIESPODZIEWAÑSKI
2009).
The Polbar breed is covered by a gene pool pro-
tection program aimed at the preservation of popu-
lations, the maintenance of genetic variability,
reduction of the gene share of foreign breeds, as
well as the restoration and stabilisation of the phe-
notypic and genetic parameters of traits typical of
local breeds (CALIK 2009; WÓJCIK et al. 2012).
Sample preparation
Female embryos collected on the sixth and eight-
eenth day of embryonic development comprised
the experimental material (10 embryos for each
age group). The material was collected in accor-
dance with the 2nd Lublin Local Ethical Commis-
sion for Animal Experiments Resolution (Resolu-
tion 8/11) dated 15/03/2011.
DNA was isolated from skin cells using a ge-
nomic DNA isolation kit (Genomic Midi AX from
A&A Biotechnology).
MS PCR
DNA conversion was performed by means of the
EZ DNA Methylation-Gold Kit (D5001) from
Zymo Research. The obtained eluate was the
DNA intended for the PCR reaction. The MSP re-
action was conducted in an MJ Research PTC-225
Peltier Thermal Cycler. The reaction primers were
designed so that one pair binded at the methylation
site, where methylocytosine remained a cytosine,
and the other pair at the site where cytosine deami-
nated into uracil. Table 1 shows the primer se-
quences used for the PCR reaction.
Investigated gene CDKN2B (cyclin-dependent
kinase inhibitor 2B) ) [Gallus gallus (chicken)].
Gene ID: 395076, Location – chromosome Z; Lo-
cus NC_006127 (BELLOTT et al. 2010).
Primers
Primers for MSP were complementary to the
gene promoter region. Criteria for the selection of
primers: island size >100; GC percent >50.0;
obs/exp 0.60 (Fig. 2).
PCR compromised a total reaction volume of 25Fl.
A thermal cycler (MJ Research) was programmed
for an initial incubation at 94°C for 3 min; 35 cy-
cles each with denaturation at 94°C for 1 min, an-
nealing at 57°C for 1 min, and extension at 72°C
for 1 min; and a final cycle at 72°C for 10 min. Am-
plification products were size-separated by elec-
trophoresis in 1.8 % agarose gels and visualized by
ultraviolet illumination after staining with ethid-
ium bromide.
PCR amplification products
Methylation lenght (173 bp):
5’ATTTCGTCGTTTGAGAGTTGTCGGGGGT
GCGGGTTTGGAGCGGCGGATACGCGCGT
TTTTATGGGTTGGGTTTTTTTCGCGGGTC
GGTAGTCGCGGGTAGCGAGAGGGGTTTC
GTTGTTTATAGATACGAGGTCGGGTCGGG
TCGGGTATGGCGTAGAGAGCGGTTAGTA
CGG 3’
Non-methylation length (173 bp/176bp CCC
from the 5’ end)
5’CCCATTTTGTTGTTTGAGAGTTGTTGGG
GGTGTGGGTTTGGAGTGGTGGATATGTGT
GTTTTTATGGGTTGGGTTTTTTTTGTGGGT
TGGTAGTTGTGGGTAGTGAGAGGGGTTTT
GTTGTTTATAGATATGAGGTTGGGTTGGG
TTGGGTATGGTGTAGAGAGTGGTTAGTAT
GG 3’
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Table 1
Parameters of the primers for the PCR reaction
No Primer Sequence 5’63’ Size (bp) Tm (C) Ta (C) % GC
1A 1CDKN2B_MF ATTTCGTCGTTTGAGAGTTGTC 22 61.99
57
41
1B 1CDKN2B_MR CCGTACTAACCGCTCTCTACG 21 62.59 57
2A 1CDKN2B_UF TGTTGTTTGAGAGTTGTTGGG 21 62.53
57
43
2B 1CDKN2B_UR CCATACTAACCACTCTCTACACCA 24 60.84 46
Ta – matrix incorporation temperature; Tm – melting temperature; MF – complementary primer for the leading strand at the
methylation site; MR – complementary primer for the delayed strand at the methylation site; UF – complementary primer for
the leading strand at the non-methylated site; UR – complementary primer for the delayed strand at the non-methylated site
Fig2. Search result graphic promoters of MSP using MethPrimer.
Fig 3. MSP reaction results for CDKN2B gene on 6th (a) and 18th (b) day of the embryonic development of Polbar chickens (M
– methylated cytosine, U – unmethylated cytosine).
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Results
The study showed that the CDKN2B was not
suppressed on the 6th and 18th day of embryonic de-
velopment of Polbar chickens. The electrophero-
grams present the results of the MSP reaction (Fig. 3).
The intensively luminant MSP product bands for
which non-methylated primers were used prove
that the amplified product did not undergo methy-
lation.
The complete absence of amplification product
using primers overlapping the methylated variant
of a given segment of DNA (173bp) on the 6th day
of development and the presence of a very weak
amplification product on the 18th day of embry-
onic development may provide a small percentage
of methylated cytosines in the analyzed DNA frag-
ment at a later stage of embryonic development.
Discussion
This study aimed at identifying CDKN2B meth-
ylation during embryonic development in Polbar
chickens by means of the MSP (methylation-
specific PCR) technique. We hypothesized that the
gene CDKN2B may be methylated during embry-
onic development (GRYZIÑSKA et al. 2013).
DNA methylation is a species- and tissue-
specific process. It has been shown that the global
methylation level rises as a function of the age of
both eukaryotic and prokaryotic organisms (RUSSO
et al. 1996; BIRD 2002; VANYUSHIN 2005; BOKS
et al. 2009; £UKASIK et al. 2009). The DNA meth-
ylation level may indicate age, and incorrect DNA
methylation can lead to premature ageing (£UKA-
SIK et al. 2009). Disorders in DNA methylation
control trigger the activation of oncogenes, inacti-
vation of neoplasm suppressor-genes and chroma-
tin stability disorders (VANYUSHIN et al. 2005;
£UKASIK et al. 2009).
Methylation is also used to control gene expres-
sion in embryogenesis (P£ACHETKA et al. 2010).
At the beginning of embryonic development,
DNA is almost completely devoid of methyl
groups (demethylated). Thus, almost all genes are
active. Following organogenesis, a large percent-
age of genes remain suppressed until death (FER-
GUSON-SMITH & SURANI 2001; HAKE et al. 2004).
Studies of methylation levels during the embry-
onic development of chickens revealed a statisti-
cally significant increase in DNA methylation
between the sixth and eighteenth day (GRYZIÑSKA
et al. 2013).
The experiments of the present study revealed
that the CDKN2B gene is not suppressed on the 6th
and 18th day of embryonic development of Polbar
chickens, despite a significant rise in global meth-
ylation (GRYZIÑSKA et al. 2013). As one of the
five genes responsible for the activity of melanin
in melanocytes, the highly active CDKN2B con-
tributes to the production of this pigment that en-
ables sex differentiation in chicks during the first
24 hours following hatching.
The CDKN2B gene in chickens performs a simi-
lar function to cyclino-dependent kinase 2A
(CDKN2A) inhibitors analysed for other verte-
brate species (KIM et al. 2006). Methylthioadeno-
sine phosphorylase (MTAP) and CDKN2A are
associated with malignant melanoma (BORG et al.
2000; BEHRMANN et al. 2003; GOLDSTEIN et al.
2008). However, deletions in these genes have also
been identified in other types of neoplastic cells
(ISHII et al. 1999; M’SOKA et al. 2000). This
shows that these genes may play a more significant
role in cell proliferation than previously thought.
A plausible mechanism for the sex-related
striped pattern in chickens is that the CDKN2A
mutation (or mutations) we identified results in
premature cell death, which in turn leads to the for-
mation of white stripes lacking melanocytes. This
may be then followed by a new wave of melano-
cytes recruited from a pool of stem cells, which mi-
grate, colonize the feather follicle, produce
melanin and form the next black stripe. Thus, the
mutations causing sex-related striation in chickens
may have an opposite effect than mutations associ-
ated with familiar forms of melanoma in humans
(HELLSTRÖM et al. 2010).
Proteins encoded by CDKN2B are the functional
equivalents of p16INK4a proteins in mammals
(CAMPO 1991; DORSHORST & ASHWELL 2009).
INK4A-Arf expression in mice causes melanocytes
to age and stimulates the synthesis of the pigment
(SVIDERSKAYA et al. 2002).
The CDKN2A gene has also been analysed in
reference to the grey colour of the horse coat. The
grey coat colour variant in the horse has demon-
strated that a cis-acting regulatory mutation in syn-
taxin 17 (STX17) alters expression of nuclear
receptor subfamily 4, group A, member 3 (NR4A3)
and its downstream target cyclin D2 (CCND2)
(ROSENGREN PIELBERG et al. 2008).The increased
expression of CCND2 is thought to increase the
rate of melanocyte proliferation and subsequently
deplete the population of melanocyte precursors of
the hair prematurely while allowing expansive
melanocyte growth in the skin. Over the life span
of the horse, this results in greying of the hair since
melanoctyes have to undergo cell death as the hair
is formed while skin melanocytes durably persist
and develop into melanomas. CDKN2B may play
a similar role in the striation phenotype of the
chicken by altering the melanocyte cell cycle in
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a way that prematurely deprives the actively devel-
oping regions of the feather follicle of functional
melanoctyes. The replenishment of the feather
blastema by extrafollicular melanocyte stem cells,
if occurring in a regulated and periodic fashion,
could explain the alternating areas of feather pig-
mentation (PIELBERG et al. 2008; DORSHORST &
ASHWELL 2009).
Analyses of DNA methylation in the CDKN2B
gene in Polbar chickens have provided informa-
tion on epigenetic mechanisms of autosexing in
this species and broadened the general knowledge
of the function of epigenetic mechanisms in birds.
As one of the locus bar genes, CDKN2B is respon-
sible for melanin activity in melanocytes (CAMPO
1991: DORSHORST & ASHWELL 2009; HELLSTRÖM
et al. 2010). The present study not only extends the
knowledge of the epigenetic regulation of autosex-
ing in Polbar chickens but can also contribute in-
formation on neoplastic transformations in human
melanocytes. The experiments presented here in-
dicate that CDKN2B expression is not only con-
trolled at the genomic level (mutations) but also at
the level of the epigenome (methylation).
Methylation coacts with chromatin modelling,
histone deactylation and RNA interference (RNAi).
Incorrect DNA methylation is often at the basis of
neurological and developmental disorders. Meth-
ylation disorders bring about hereditary diseases
such as Angelman’s syndrome, Prader-Willi syn-
drome or Beckwith-Wiedeman syndrome, as well
as ICF (immunodeficiency, centromeric instabil-
ity and facial anomaly) syndrome, Rett syndrome
and Fragile-X syndrome. DNA methylation is also
of crucial importance for neoplastic processes
(ROBERTSON & WOLFE 2000; LAIRD 1997).
In many types of neoplasms, changes in DNA
methylation are the most frequently occurring mo-
lecular changes (JAB£OÑSKA & JESIONEK-KUPICKA
2004). These changes most often result in hy-
pomethylation of promotor regions leading to on-
cogene overexpression and excessive cell
proliferation, hypermethylation of promotor re-
gions debilitating suppressor gene functions and
hypermethylation causing 5-methylocytosine to
deaminate into thymine leading to point mutations
in suppressor genes and protooncogenes, as well
as the induction of chromosome instability (LAIRD
1997).
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